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Abstract—Electromyography (EMG) is known as complex 
bioelectricity signals that representing the contraction of the 
muscle in humanbody. The EMG signal offers useful information 
that can help to understand the human movement. Many 
techniques have been proposed by various researchers such as 
fast Fourier transforms (FFT). However, the technique only gives 
temporal information of the signal and does not suitable for 
EMG that consists of magnitude and frequency variation. In this 
paper,the analysis of EMG signal is presented using time-
frequency distribution (TFD) which is spectrogram with different 
window size. Since the spectrogram represent the theEMG signal 
in time-frequency representation (TFR), it is very appropriate to 
analyze the signal. The EMG signals from Biceps muscle of two 
subjects are collected for body position of 0° and 90°. From the 
TFR, parameters of the signal such as instantaneous fundamental 
root mean square (RMS) voltage (Vrms) are estimated. To 
identify the suitable windows size, spectrogram with size window 
of 64, 256, 512 and 1024 is used to analyze the signal and the 
performance of the TFR are evaluated. The results show that 
spectrogram with window size of 512 gives optimal TFR of the 
EMG signals and suitable to characterize the signal. 
Keywords—electromyography.(EMG); Fast-Fourier Transform 
(FFT); Time-Frequency Representation (TFR); Spectrogram.  
I.  INTRODUCTION  
Electromyography (EMG) signal is a complex 
bioelectricity process that produces by muscle excitation or 
activity. By physiology aspects, some complicated signals 
exist with the biochemistry process. The signal is controlled 
by the nervous system anatomical and physiological properties 
muscles. It can be used either for clinical, biomedical 
applications or human computer interaction. For the detection, 
decomposition, processing and classification of the signal, it 
requires the advanced methods for the EMG signal analysis. 
The method provides efficient and effective way to 
understanding the signal and nature [1].  
Human machine interaction is based on features of human 
biological signals. In recent year, EMG becomes the main 
expansion in the human-machine interaction field. The bionic 
arm serves an assistive device for human and also functions as 
human strength, endurance and speed amplifier. The robot join 
and links corresponds to those human arm and actuators share 
a portion of the external load with the operator [2]. 
EMG also known as electrical signals that representing the 
contraction of the muscle in human body. It is basically 
acquired in two ways which are by using surface EMG or 
needle electrodes [3]. But the main focus in this paper is by 
surface EMG.Computer and software becoming more 
powerful tools which are able to process complex algorithm 
on numerous data at high speed and advance in digital signal 
processing (DSP) applied to bio-signals [4].  
Surface EMG signals are obtained in the form of electrical 
signalsby muscle activity.It isproduces by using the electrodes 
which are placed on the specific parts on the skin surface 
andobtaining the voltage shift from the movement activity [2, 
4, 5].But in the movement activity, the signal has acquires 
noise while travelling through different tissues [1].  
Most of the previous researchers use FFT to analyze the 
EMG signal at the early of analysis. However this technique 
does not provide the temporal information ofthe signal [4, 
6].To overcome the limitation, wavelet transform (WT) also is 
proposed in EMG signal analysis. WT have offer high time 
resolution for high frequency component and high frequency 
resolution for low frequency signal such as transient. But, it 
has some of disadvantages such as computation burden 
because of involving a lot of equations to be calculated in 
analysis, sensitivity to noise level and dependency of its 
accuracy on the chosen wavelet [7].   
In this paper, spectrogram is used to analyze the EMG 
signal by using different window sizes. The EMG signals used 
are from Biceps muscle of two subjects based on body position 
of 0 and 90. From the TFR, the parameters of the signal are 
estimated and evaluated to identify the best windows size for 
the signal analysis. The window sizes chosen are 64, 256, 512 
and 1024. By using the suitable window size, the TFR gives 
accurate information to identify the characteristics of the 
signal. 
II. ELECTROMYOGRAPHY SIGNAL 
EMG signal is the analytical study of electrical signal 
activity. It is the measurement of electric current which are 
generated by muscle fibers during their contraction. This 
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signal is the example of modern human computer interaction 
which can be used in the field of medicines and engineering 
[8].  Fig. 1 shows the electrodes placement at the biceps 
muscle to get the EMG signals. Two input and one reference 
electrodes are placed to the biceps muscle which is 
represented by „m1‟ and „m2‟ while „n‟ is due to the noise 
signal [9].The electrodes will change the impulse in the body 
to the electrical sign to represent in the signal.Fig. 2 shows the 
signal recorded by the contraction of the muscle for six time 
push up and down. Both of these signals gave the review 
about the contraction which affects the signal. 
 
 
Fig.1. Placement electrodes at the biceps muscle.TheEMGsignalis 
representedby'm'andthe noisesignalsby'n'. 
 
 
Fig.2. EMG Signal recorded during the contractions of the muscle (biceps 
muscle) 
III. SIGNAL ANALYSISTECHNIQUES 
A. Frequency Analysis Technique  
 Fast-Fourier Transform (FFT) is the mathematical 
techniques to convert signalfrom time domain to frequency 
domain. Discrete Fourier Transform (DFT) is a digital filtering 
algorithm which is calculates the magnitude and phase at 
discrete frequencies of discrete time sequences. FFT is 
performed to estimate frequency characteristics of the EMG 
signal [4]. It can be is defined as [8]: 
 
𝑋 𝑓 =  𝑥(𝑡)𝑒−𝑗2𝜋𝑓𝑡𝑑𝑡
∞
−∞
 (1) 
whereX(f) is the signal in frequency domain, x(t) is the signal 
of interest.  
B. Spectrogram  
 Spectrogram is motivated by the limitation of fast-Fourier 
transform (FFT) to cater non-stationary signal whose spectral 
characteristics in time domain. It provides a distribution of the 
energy signal in TFR and can be calculated as follow [10]: 
 
S(t,f)=| 𝑥 𝜏 𝑤 𝜏 − 𝑡 𝑒−𝑗2𝜋𝑡𝑜𝜏 𝑑𝑡
∞
−∞
|2(2) 
wherex 𝑡  is the input signal andw(𝑡) is the 
observationwindow. Hanning Window is selected because of 
its lower peak side lope which would be effect to the narrows 
of frequencies around the fundamental value and frequency 
component [11].Frequency resolution, Fr, of the TFR can be 
defined as:  
𝐹𝑟 =  
𝐹𝑠
𝑁𝑤
                                   (3) 
 
whereFs is sampling frequency and Nw is size of window. The 
parameter used to analyze the pattern of signal is 
Instantaneous RMS Voltage (Vrms). Vrms can be calculated 
as below [10]: 
 
Vrms(t) =  𝑆𝑧 𝑡, 𝑓 𝑑𝑓
𝑓𝑚𝑎𝑥
0
(4) 
it noted that 𝑃𝑧 𝑡, 𝑓 is the time-frequency distribution and fmax 
is the maximum frequency of interest [9]. 
IV. EXPERIMENTAL WORK 
 The research is started with contraction muscle activities 
(CMA). The CMA needs a healthy volunteer with fresh 
condition. To be precise, the volunteer is conditioned with no 
previous history injury of biceps muscle and severe 
musculoskeletal injury. 
 The CMA consists of 3 procedures. First, the volunteer is 
attached with Electrode BIO PROTECH (EBP) for EMG data 
collection. After that, the volunteer has to lift the box to the 
shelf by 0° body position for six times in 1 minute without 
banding their leg. Finally, the same volunteer is repeated the 
previous procedure with 90° body position. The 0° and 90° 
body positions are the most common movement which can 
replicated in the industrial. 
 Generally, the volunteer is attached with EBP for data 
collection. In order to obtain precise data, the volunteer is 
shaved clean the entire biceps muscle and used BD Alcohol 
Swabs (70 % Isorophyl Alcohol) for cleanser process. Finally, 
the biceps muscle is attached with EBP with Electrode Gel 
(227g tubo) for better sensing process. Three electrodes are 
placed according to Kinesiological Electromyography of 
NORAXON INC. at the biceps muscle as shown in the Fig.3. 
This research is emphasized on biceps muscle because the 
muscle contain fast and slow motor unit types which can 
provided better EMG signal compared to other muscles [12].  320
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Fig.3. EMG Electrode Placement at biceps muscle 
 
 Fig 4 shows the equipment NORAXON INC for data 
collection. The EMG signal is read by NORAXON INC.USA 
and analyzed by MATLAB.  
 
 
 
Fig.4. NORAXON INC. USA (data collection) 
 Software MATLAB 2011 (MathWorkInc, USA) is used 
commercially in mathematical processing. The usable 
frequency range of surface EMG signal is between 0 to 500 
Hz [1]. The algorithm from the mathematical calculation is 
written to produce FFT (Power Spectrum) and spectrogram. In 
this paper, variable of window sizes such as 64, 256, 512, and 
1024 are used to compare the performance of the system. The 
EMG signals are tested and analyzed in spectrogram to 
identify the performance of the system based on window size.  
V. RESULT AND DISCUSSION 
A. Signal Analysis using window size of 64 samples 
The frequency resolution for size window of 64 is 23.44 
Hz. Fig 5.(a)  shows spectrogram for 0° body position. The 
highest amplitude is located at time range 2100 to 2600ms 
with the frequency range 20 to 70 Hz.  
 
Fig.5. (a) Spectrogram for 0° body position  
Vrms for 0° body position is shown in Fig 5.(b). The 
highest peak of the signal is 300μV (Vrms). 
 
Fig.5. (b) Vrms for 0° body position 
Refer to Fig 6.(a), it shows spectrogram for 90° body 
position. The highest amplitude is located at time range 3100 
to 4000ms with the frequency range 20 to 60 Hz.  
 
Fig.6. (a) Spectrogram for 90° body position 
Fig 6.(b)  shows Vrms for 0° body position. The Vrms is 
250μV which located at the highest peak of the signal.  
 
Fig.6. (b) Vrms for 90° body position 
 
In the nutshell, size window of 64 is not compatible to 
implement the EMG processing signal due to the wide 
frequency range (50 Hz for 0°position and 40 Hz for 
90°position). The accuracy of the system depends on the 
frequency range. The narrowest of frequency range and time 
range, the highest accuracy of the system.   
The Vrms is used to know the performance of EMG signal 
to identify the characteristic of CMA. The best performance of 
the signal would be defined due to the signal producefrom 
CMA. 
 
B. Signal Analysis using window size of 256 samples 
 The frequency resolution for size window 256 is 5.86 
Hz.Based on the spectrogram in the Fig 7. (a), the highest 
amplitude value is located at the time range 2000 to 2600ms at 
the frequency range about 20 to 50 Hz. 
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Fig.7. (a) Spectrogram for 0° body position  
 
At the 0° body positionshown in Fig 7.(b),Vrms value for 
the highest peak of the signal is 300μV (Vrms). 
 
 
Fig.7. (b) Vrms for 90° body position 
 
Fig 8.(a) shows the spectrogram for 90° body position. The 
highest amplitude is located at time range 3100 to 3500ms 
with the frequency range 40 to 60 Hz.  
 
 
Fig.8.(a) Spectrogram for 90° body position  
 
Fig 8.(b) shows Vrms value for 90° body position. The 
Vrms form the highest peak of the signal is located at 170μV.  
 
Fig.8. (b) Vrmsfor 90° body position 
Based on the results of the signal at size window of 256, it 
isshow that size window 256 still not compatible to implement 
the EMG processing signal due to the wide frequency range 
(30 Hz for 0°position and 20 Hz for 90°position). The 
accuracy of the system is improved by using size window 256 
compared to 64, because of decreasing frequency range.  
C. Signal Analysis using window size of 512 samples 
 The frequency resolution for size window 512 is 2.93 Hz. 
Based on the spectrogram in the Fig 9. (a), the located of the 
highest amplitude is at the time range 2000 to 2200ms at the 
frequency range about 35 to 40 Hz. 
 
 
Fig.9. (a) Spectrogram for 0° body position  
Fig 9.(b)  shows Vrms for 0° body position at the size 
window of 512. The Vrms is 180 μV which located at the 
highest peak of the signal. 
 
 
 
Fig.9. (b) Vrmsfor 0° body position 
 
Refer to Fig 10.(a), it shows spectrogram for 90° body 
position with the highest amplitude is located at time range 
3100 to 3200ms with the frequency range 50 to 60 Hz.  
 
 
Fig.10. (a) Spectrogram for 90° body position  
 
From the Fig 10.(b), it shows Vrms value for 90° body 
position. The Vrms form the highest peak of the signal is 
located at 150μV.  
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Fig.10. (b) Vrmsfor 90° body position 
From the results, it is show the frequency range of size 
window of 512 is more compatible to implement the EMG 
processing signal compared to size window 64 and 256. It is 
due to the wide frequency range (5 Hz for 0°position and 10 
Hz for 90°position). The performance of the signal is much 
better because of the lower range frequency. 
D. Signal Analysis using window size of 1024 samples 
 For size window 1024, thefrequency resolutionvalue is 
1.46 Hz. Based on the spectrogram in the Fig 11. (a), the 
highest amplitude is located at the time range 1800 to 2200ms 
at the frequency range about 35 to 40 Hz. 
                
Fig.11. (a) Spectrogram for 0° body position  
 
Fig 11.(b) shows the Vrms value for 0° body position. The 
Vrms form the highest peak of the signal is located at 170μV.  
 
Fig.11. (b) Vrms for 0° body position 
 
Byreferring to Fig 12.(a), it shows spectrogram for 90° 
body position with the highest amplitude is located at time 
range 2800 to 3200ms with the frequency range 50 
Hz.Although the result show the accurate of frequency at the 
highest amplitude, it created the range larger time range 
compared to the size window 64, 256, 512 and 1024. 
 
 
Fig.12. (a) Spectrogram for 90° body position 
Vrms for 90° body position is shown in Fig 12.(b). The 
highest peak of the signal is 130μV (Vrms). This signal would 
not able to show the details about the flow of the movement in 
the experiment. 
Fig.12. (b) Vrms for 90° body position 
VI. CONCLUSION 
 The results show the performing of size window through 
the TFR which is by using spectrogram technique to analyse 
the EMG signal. 
 In this paper, it shows by having narrowest of frequency 
range, the highest accuracy of the system.  The size windows 
proposed are64, 256, 512 and 1024.As the conclusion, it can 
find that size window of 512 is the best performance and most 
compatible to implement in EMG processing signal due to the 
narrowest frequency range and time range. 
 From this research, the next step is to look at the pattern of 
EMG signal by using this size window to analyze the 
performance of the signal. 
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